At present, overseas and domestic eco-security early warning research is in the exploratory stage. This paper uses Kizilsu Kirghiz Autonomous Prefecture as the research object and constructs an evaluation index system based on the pressure-state-response (P-S-R) conceptual model. This study analyzes eco-security early warning in the study area using the granger causality test model, the entropy weight method, and the matter-element model, and analyzes the present eco-security situation and future development trends in the study area. The author hopes that this study can further enrich eco-security early warning research and provide a scientifi c reference for ecological security in the study area. The specifi c research results were as follows: 1) This article evaluated the plateau mountain ecological security early warning system, and the application of the Granger causality test was further implemented with targeted and objective index system selection, achieving a one-to-one analysis in the results and further enriching the research theory of the importance of eco-security early warning systems. 2) On the whole, the eco-security situation in the study area is gradually moving in a positive direction, but the low level of overall eco-security continues to cause great pressure. 3) From 2005 to 2014, the study area gradually attached greater importance to the construction of ecosecurity, but the overall eco-security level is low, and the overall eco-security regulation capacity is insuffi cient. 4) The key eco-security pressure in the study area mainly derives from industrial and agricultural development, although the control power is gradually increasing, but the control effect is not obvious, and the contradiction between ecological security and socio-economic development is still very obvious. 5) The study area is a typical earthquake-prone area, and fi nancial input into the governance of natural geological disasters due to the high frequency of earthquakes is gradually increasing; but the study area still needs to increase its investments.
Introduction
Ecological security is a concept that was fi rst proposed by the United States government [1] . Eco-security early warning systems are an important part of eco-security, and predictability is a characteristic feature of eco-security early warning. At present, although eco-security early warning research is still in the exploration stage, overseas and domestic scholars have achieved results in this area. Overseas scholars have performed many studies in climate and ecosystem shock prediction [2] , natural disaster advanced warning [3] [4] [5] [6] [7] [8] , environmental health assessment [9] , eco-environmental evolution [10] , ecosystem function [11] , and ecosystem stability [12] , etc. Domestic scholars have performed many studies in ecological security mechanisms, theoretical study, early-warning models [13] , etc., involving cities, landscape ecology, heritage sites, agriculture, soil, hydrology, and many other aspects [13] [14] [15] [16] [17] [18] .
Current research methods of eco-security early warning research primarily include the fuzzy comprehensive evaluation method, artifi cial neural networks, the Delphi method, the Markov prediction method, ecological footprinting, 3S, etc. [7, 13, [15] [16] [19] [20] [21] [22] [23] [24] . Due to the complexity of the research question, this paper chose the matter-element model, which was proposed by the Chinese scholar Cai Wen in 1994; he explains the process of the matter-element model analysis and complex problems in his book, The Matter-Element Model and Its Application.
He notes that the matter-element model is a type of human brain model focusing on how to address contradiction issues [25] . At present, this method has been used in ecological environment assessment, disaster forecasting, etc., and it has been proven to have reliable predictability when dealing with complex issues [15, [26] [27] .
In an actual analysis, choosing indicators affects the outcome among many already selected indicators and further overcomes the subjectivity of expert consultation; this is the problem in the research of early warning because previous studies about this topic are very limited. The most common methods are principal component analysis (PCA) or fi ltering by index weight [28] [29] [30] . However, these methods still cannot achieve a targeted one-to-one analysis. To further improve the pertinence and objectivity of index selection, the author cites the granger causality test model. It was proposed by Granger in 1969 and is widely used to ascertain the importance of the interaction between two series [31] . At present, this method is widely used in economics and energy fi elds [31] [32] [33] [34] ; our analysis applied this method to ecological security warning, and the author hopes that through the application of this method, the scientifi c nature of the index selection can be improved and theoretical research can be enriched.
Mountain ecological systems are unique, have the feature of vulnerability and exhibit sensitivity to external forces and susceptibility to mountain disasters [35] [36] . However, mountain eco-security early warning research is very limited overseas, and domestically the common research topic is mountain city ecological security evaluation [1, 37] , mountain hazards monitoring and management [38] [39] [40] , the sustainable development of mountain social ecosystems [41] [42] , mountain grassland characteristics and threats research [43] [44] , mountain forest ecosystem species distribution and composition, disaster prevention and management research [45] [46] [47] [48] , and mountain soil research [49] , etc.
Based on the plateau mountain ecological security research perspective, this paper conducts plateau mountain ecological security early warning research using the Granger causality test model method, the matterelement model and the entropy weight method. We hope this study will enrich and improve mountain ecological security research. At the same time, the results could provide scientifi c guidance for local ecological sustainable development.
Study Area
Kizilsu Kirghiz Autonomous Prefecture is located in western Xinjiang, China, in the high mountains and lofty hills of the Kunlun Mountains and the western Tianshan Mountains. To the southeast is the edge oasis of Tarim Basin and Kashgar Plain, and to the north and northwest are the Tianshan and Pamirs mountain ranges. The total area is 7.25 square kilometers, and within mountain territory, the landscape is extremely complex and the mountainous area occupies more than 90% of the total (Fig.1) . The study area is located at the mid-latitudes, but far from the sea, and belongs to a typical temperate continental climate with a lack of rain, suffi cient sunlight on the plains, and variable temperatures in the spring and autumn [50] . From 2005 to 2014, the study area experienced fast economic growth, and the average growth rate was 12.9%. The study area belongs to an ecologically sensitive area with low biomass, simple system structure, poor coordination, weak ecological function, easily damaged and diffi cult-to-restore ecology, and an environment facing the dual impacts of human society and the natural environment, where geological disasters occur frequently.
Data and Methodology

Data Collection
The main data source for this study was the Xinjiang statistical yearbook , a statistical bulletin for national economic and social development of the Kizilsu Kirghiz Autonomous Prefecture , the Kizilsu Kirghiz Autonomous Prefecture environmental bulletin, Kizilsu Kirghiz Autonomous Prefecture urban planning system (2013), CNKI, China's system for macro data mining analysis (http://number.cnki.net/cyfd/), the general land use plan of the Kizilsu Kirghiz Autonomous Prefecture , the main pollution control plan of the Kizilsu Kirghiz Autonomous Prefecture (2015), and China's earthquake administration department ( http:// www.cea.gov.cn/). We obtained the missing data for an individual year through a trend extrapolation method.
PSR Conceptual Model for a Plateau-Mountain
Eco-Security Index
Construction of an ecological security warning index system is the basis for the establishment of a warning mechanism [19] , The "pressure-state-response" conceptual model was proposed by the United Nations Environment Program (UNEP) and has been widely used [23, 51] . The research incorporates relevant research [13, 15, 36, 40, [52] [53] [54] and combines plateau-mountain environmental features in the study area. We constructed a PSC conceptual model for a plateau-mountain eco-security index. Based on considerations of available data and continuity, and through expert consultation, an evaluation index of the study area was established and is shown in Table 1 .
Granger Causality
The Granger causality test could help improve the predictability of present and future estimations in another time series [55] [56] . The fi rst step of the Granger causality is a stationary test (ADF). However, the series requires a Johansen cointegration test when the series is nonstationary, and Granger causality can be used through the JCT test.
The X2 causes are defi ned as X1 if the inclusion of past observations of X2 in a regression model reduces the prediction error of X1 compared to a model without X2 information.
For two time series, X1(t) and X2(t), from two stationary stochastic processes, a bivariate autoregressive (AR) model c an be built as follows:
(1) (2) …where αi, βi, λi, δi are the AR coefficients, μ 1t and μ 2t are the prediction errors or residuals of the model, and m is the model order that defines how many time lags are included in the regression model equations.
The F-test is the core of the Granger causality test, and the hypothesis is that X' is not the Granger cause of Y' if the F value is greater than the critical value F α under a signifi cance level of α, or else rejects the null hypothesis.
If X and Y do not involve co-integration under the integrated order, the Granger causality analysis can be preceded by the fi rst order difference method:
Defi ne ΔX t-i , Y t-i as the value of X, Y under the fi rst order difference sequence where the lag value is i. At present, we can use Eviews 6.0 to undertake the Granger causality test.
Membership Functions
For the overall sample, how to further analyze which factors should be selected and which should be deleted based on the results of the Granger causality test is a key link for the index weight and the matter-element model analysis. This article proceeds with the next analysis based on the fuzzy sets idea proposed by the cybernetics professor L. A. Zadeh (1969) [57] and the combined membership functions. At present, there has been no unifi ed membership function according to the characteristics of data sampling, and the study cites the me mbership function in Wang's membership function research as K = n i /N (5) ...where n i is the frequency of v 0 A, A is th e fuzzy set, and N is the total test [58] .
Entropy Method for Index Weights
The key issue in evaluating ecological security (ES) from the indicators was how to weigh each indicator with minimal subjectivity [51] . Claude Elwood Shannon put forward the concept of entropy and introduced information theory [59] . The entropy method is a mathematical method for calculating the index weight that is based on the comprehensive consideration of various factors that entropy information provides, and it has been widely used [28, 51, 60] . This approach assumes that the number of eco-security evaluation indexes of the evaluation object is m; they are XI (i = 1,2,3…,m) and we obtained the statistics for each indicator, assuming the matrix is R′ = (r ij ′) m×n (i = 1,2,…,m j = 1,2,…,n), defi ning r ij as the statistics of a certain index in a particular year. To eliminate the infl uence of different units for the indicators, the paper used the extremum method according to Eq. (6) to standardize the matrix R′and obtain the standardization matrix R. This approach assumes the standardization matrix R′ = (r ij ) m×n , and the standardization function is as follows: (6) The entropy of the index i is defi ned as follows: (7) …where the … then we can calculate the entropy weights of each index with the following function (8). 
Matter-Elemen t Model
The specifi c steps are as follows: 1) Determine the matter-element matrix, classic domain matter-element matrix, and joint domain matter-element matrix. This assumes that the ecological security levels are N 1 , N 2 , ……, N m , and establishes the matter-element matrix R j (9) R j is defi ned as the classic domain matter-element matrix of ecological security; N j is the ecological security level (j = 1, 2,…m); ci (i = 1, 2,…n) is the characteristic of ecological security at level N j ; v ji is the stipulated value range of the N j on c i , which is the data range of the ecological security level corresponding to their characteristics. Next, the joint domain matter-element matrix R p is constructed: (10) …where N p is the total ecological security level and v ip is the data range of N p about c i .
For the early warning object, the early warning index matter-element matrix is R o : (11) …where N o is defi ned as the name of the early warning object and v i is the data range of N o about c i .
2) Determine the correlation function and correlative
degree. The correlative degree of each ecological security is calculated according to the correlative degree function (12):
The K(v i ) is the correlative degree of each ecological security inde x about the security levels, where is the distance between point ρ(v i , V ij ) and the fi nite interval of its corresponding eigenvectors (a ij , b ij ); ρ(v i , V ip ) is the distance between point v i and the joint domain of its corresponding eigenvectors (a ip , b ip ); v i is the actual value of the index; V ij is the classic domain matter-element matrix; V ip is the joint domain matter-element matrix; and (13) 3) Evaluate the security level.
The value of the correlative degree function K(v i ) indicates the membership degree to which the early warning object R o meets the ecological security levels. The correlative degree of the early warning object about the security levels j is as follows: (14) If , the R o belongs to security level j o when K j (R o ) > 0, the early warning object matches some security level, and the greater the value, the better the met degree; when -1≤ K j (R o ) ≤ 0, the early warning object does not match a security level, but it has the condition to turn into this security level, and the greater the value, the easier the transformation; when K j (R o ) -1, the early warning object does not match a security level, and it has no condition to this security level; the smaller the value, the easier the transformation, and the greater the gap to match some security level.
Results
Selection Ana lysis Based on the Eco-Security Index
For the index selection analysis, this paper used the Granger causality test model to perform a one-to-one correspondence causal relationship analysis based on the pressure and state layer index from expert consultation. The aim was to overcome the subjectivity of index system selection, to determine the real factors affecting ecological security, to avoid unnecessary analysis, and to improve pertinence and effi ciency. The study used Eview 6.0 to do the Granger causality analysis. The results of the Eviews 6.0 analysis are shown in Table 2 ('0' means X i is not the Granger cause of Y i , '1'means X i is the Granger cause of Y i ).
We can obtain the results where each Y i is caused by a reason X i from Table 2 . For the total analysis, we calculated the membership of each factor by a membership function (5); however, we need to clearly note whether the X i is the reason for Y. Therefore, the division of the value interval is essential, according to a consultation of relevant ecology experts, local environmental professionals in the study area, and a characteristics analysis of the study area; the scope [0, 1] is divided into four intervals: extremely not belonging to X i , 0 ≤ X < 0.25(EN); not belonging to X i , 0.25 ≤ X < 0.5(N); belonging to X i ,0.5 ≤ X < 0.75(Y); and extremely belonging to X i , 0.75 ≤ X ≤ 1(EY). The results are shown in Table 3 .
From Table 3 , the actual reasons that affect the Y i are X1, X3, X4, X5, X6, X7, X8, X9, X10, X13, X14, X15, X16, X18, and X19.
Eco-Security Early Warning Grade and Index Weight
The combined concept of plateau mountainous ecological security that the author puts forward in this paper, according to the degree of eco-security, indicates that eco-security early warning could be divided into the Table 2 . The results of Granger analysis.
Results of the Granger analysis
following categories: no warning (NW -safe), forewarning (FW -relatively safe), middle warning (MW -will not be safe), light warning (LW -unsafe), heavy warning (HW -very unsafe), and these are matched with the colors of green, blue, yellow, orange, and red, respectively, to be visually displayed (Table 4) . The evaluation classifi cation standards of each of the early warning indicators mainly refer to national and industry standards, regional planning, regional ecological environmental characteristics, overall regional development, and an analogy of the standard; we calculated each index weight through the functions (6), (7), and (8), and the results are shown in Table 5 .
Overall Analysis of Eco-Security Early Warning System in the Study Area
As seen in Table 6 
Single Index Analysis
To be able to apply eco-security factor analysis clearly, this research sets the middle, light, and heavy warnings as the warning sources that require special attention. In Table 7 , the pressure on ecological security system in the study area is shown to be the strongest in 2014, and the sensitivity index rate is 38.7%. The state of the ecological layer also shows an increasing sensitivity index trend.
From the control layer, the level of regulation and control ability did not change signifi cantly compared with 2005, and there was a declining trend from 2010-13.
Further analysis indicates the variation trend and the safety status of the warning indicators in the study area from 2005-14. We conducted a comparative analysis of the pressure layer in 2005 and 2014, and in Table 8 we can see that the indicators in 2005 that remain at the sensitive level are as follows: X3, X5, X6, X8, X15, X19; the indicators in 2014 that stay at the sensitive level are as follows: X3, X4, X5, X6, X7, X8, X9, X10, X15, X16, X18, and X19.
The level of overall economic development in the study area is low, the overall ecological security situation in 2005 is superior to 2014. From the pressure layer, the number of indicators in 2005 remaining at the no warning or forewarning are as follows: X1, X4, X7, X9, X10, X13, X14, X16, and X18. However, in 2014, six of the nine factors turned into middle, light, and heavy warnings, as follows: X4, X7, X9, X10, X16, and X18, and the development trend for fi ve of them was positive; these included the following: X1, X4, X10, X16, X18. As seen in Table 8 , on the whole, the factors with a positive change trend are X1, X3, X4, X5, X10, X15, X16, X18, and X19. For fi ve of them (X4, X10, X16, X18, and X19) compared with 2004, the warning level's difference is 2-3 grades different, e.g., in 2005, the X10, X16, and X18 remained at no warning or forewarning (although these factors' variation trend was positive in 2014, the warning grade was orange-light warning or red-heavy warning). From the state layer (Table 9) Table 3 . The results of the selection analysis for eco-security indexes. 
Waning grade State of ecological security classifi cation NW (Green) the ecosystem service function is basically intact, the system recovery and regenerated ability is strong, natural and man-made destructive effects are rare FW (Blue) the ecosystem service function is basically intact, it can recover from general disturbance, natural and man-made damaging effects are less MW (Yellow) eco-security shows a negative development direction, the sensitivity of ecosystems are heightened and easily deteriorate, natural and man-made destructive effects occur occasionally LW (Orange) the ecosystem function is seriously deteriorated, the function is seriously degenerated, ecosystem recovery is diffi cult after disturbance, more natural and man-made destructive effects occur HW (Red) the ecosystem function has deteriorated, ecological self-recovery capability has been damaged severely, it is extremely diffi cult to recover after disturbance, natural and man-made destructive impacts occur frequently
From Table 10 we can see that all of the indexes in the control layer are at the sensitive level: Z2 shows a negative development trend, and Z1, Z3, and Z4 show a positive development trend. In 2005 the Z3 was at a middle warning level and the development trend turned into an early warning status, becoming strong in 2014; Z1, and Z4 were in heavy warning in 2005 and turned into light warning in 2014; Z2 was in heavy warning in 2005 and turned into middle warning in 2014; however, development exhibits a negative trend in future development; Z5 was in heavy warning in 2005 and turned into middle warning in 2014.
Referenced by the ideas short board effect, this paper makes the light and heavy warning factors limiting ecosecurity factors, and they are named as the 'key warning sources' in the pressure layer in 2005, X3, X8, X15, Y1, Y5, Y9, Z1, Z2, Z4, and Z5 are the 'key warning sources' in 2014, and the key warning source indexes are X3, X5, X7, X9, X10, X16, X18, X19, Y4, Y9, Z1, and Z4 are the main pressure factors; the key warning source indexes increased. In 2014, X8 and X15 were not the limiting factors, newly increased were X9, X16, X18, and X19. In the state layer, Y5 was not a limiting factor, Y4 became the limiting factor, and Y9 was always a limiting factor. In the control layer, Z2 and Z5 were not the limiting factors, and Z4 is still a limiting factor.
Discussion and Conclusions
At pre sent, eco-security early warning research is in the exploration stage (You, 2014), and eco-security early warning research about mountains is very limited; therefore, the signifi cance of this study is to further enrich the eco-security early warning research theory, to improve the ecological security research methods, and to provide results that give practical and signifi cant guidance.
1. This research evaluated the plateau mountain ecological security early warning system, constructing an index system based on the P-S-R conceptual model. In an attempt to fully overcome subjective infl uences, the Granger causality test was applied to further implement the targeted and objective index system selection, thereby achieving one-to-one analysis of the results and factors and further enriching the theoretical research of eco-security early warning. 2. In terms of practical signifi cance, the author uses the Kizilsu Kirghiz Autonomous Prefecture as the research object and applies the eco-security early warning analysis; the study obtained results of the ecosecurity change situation and projections for future development in the study area. The results for the study area have scientifi c signifi cance for future ecosecurity construction: a) The eco-security situation across the whole study area is gradually developing in a positive direction, but due to ecological impacts, it is very serious in this decade, and the current eco-security situation is still in a state of light warning. The overall eco-security level is low, but it is still facing great pressure, and the internal ecological safety risk in the study area still cannot be ignored. b) The eco-security pressure in 2014 was the greatest, and the eco-security status exhibited an increasing trend of warning source indexes; from the control layer, the study area exhibits gradual attention being paid to the construction of eco-security in ecological management, education, artifi cial afforestation, etc. from 2005-14. However, the overall eco-security level is low, and the whole eco-security management capacity is insuffi cient; the study area still needs to increase the intensity of ecological safety regulations and to rapidly promote eco-security regulation capacity. c) Through the comparative analysis in 2005 and 2014, the author found that the natural population growth rate, total water use growth rate per year, water consumption per capita, plastic mulch recovery rate, wood harvesting, and the amount of chemical fertilizer usage were always the warning source indexes; therefore, the study area should attach importance to these several aspects in the study area, implement specifi c measures for each problem, and reduce the threat to eco-security. There are newly increasing warning source indicators, namely construction land area, industry power consumption, agricultural power consumption, industrial wastewater emissions, industrial soot emissions and solid waste emissions, and these indicate that the industrial and agricultural development level gradually improved over nearly a decade in the study area. Even though the newly Table 9 . The development trend and direction of change in the state layer. Table 8 . The development trend and direction of change in the pressure layer. increasing warning source index gradually developed in a positive direction, the study area belongs to an ecologically fragile area, therefore the threat to ecosecurity cannot be ignored. From the state layer, the warning source indexes indicated an increasing trend from 2005-14, the eco-security situation was not ideal; therefore, the study area needs to fi nd a way toward a sustainable development compromise between industrial and agricultural development and eco-security, and the study area needs to increase the science, technology, and fund investments in pollution control and treatment, accelerate the positive transformation of the warning source indexes, and improve eco-security. d) Through the key warning source index analysis, the key warning source indexes in the study area newly increased issues of total water use growth rate per year, industry power consumption, agricultural power consumption, industrial waste water emissions, industrial soot emissions, solid waste emissions, the amount of chemical fertilizer usage, and the current ecological security pressure in the study area were mainly derived from industrial and agricultural development. The key warning source indexes in the state layer and control layer have tapered off, but the overall ecological security situation in the study area is not ideal; we could infer that the threat of key warning source factors for eco-security are very obvious in the study area, the study area faces high ecological pressure. Although the control intensity has gradually increased, the control effect is not obvious for ecosecurity, and the contradiction between eco-security and social economic development is still obvious and needs to draw attention in the study area. e) An earthquake in a typical mountainous area has an infl uence on the eco-security and cannot be neglected [40, [61] [62] [63] . The study area is a typical seismic region, according to the author's statistical analysis, indicating that a total of 11 earthquakes of grade 5 or above occurred in the study area over 10 years; the results indicate that the study area gradually increased the fi nancial input in the governance of natural geological disasters, and the future development trend is positive; however, a geological disaster is uncertain, and due to the high frequency of earthquakes in the study area, the study area still needs to increase investment in the governance of natural geological disasters in the study area.
Although the research has included a benefi cial analysis of the eco-security early warning research, there are still some problems in the actual research that require further perfection and study: 1. Ecological security involves dynamic change, although the study analyzed continuous dynamic changes over nearly 10 years in the study area, the research still cannot avoid the contradiction of dynamic data acquisition. The main obstacle is that many ecological process data from the large-scale monitoring and longterm experiments are very diffi cult to obtain.
2. The eco-security early warning research was still in the exploration stage, each type of study area has respective characteristics, and current research on early warning systems has no standard or mature theory and methods; the study still could not establish a perfect ecological index system for plateau-mountain eco-security and could not perform an accurate classifi cation for the index grade. These aspects make it diffi cult to avoid imperfections, and further research is required.
